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(54) Stair step current CPT measurement method and apparatus

(57) There is disclosed a current perception thresh-
old device using a stepped square wave current for bio-
electric stimulation of nerve groups, and a method of use
and operation of the device. A step current is preset as
a percentage of a maximum peak stimulus current,
which flows through a patients skin. As an intensity of
the maximum stimulus current is varied, the stair step

current varies as a percentage of the intensity of the
stimulus current. However, if the stimulus current drops
to a user set or preset value of stair step current, the
current flowing through the patient's skin is maintained
at the set/preset value, and not allowed to go below that
value. This avoids the current falling below a cutaneous
electrical resistance threshold (CERT) of the patient's
skin, at which current conduction ceases.
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Description

Field of the Invention

[0001] The present invention relates to the field of
medical science, and particularly although not exclu-
sively to a method and apparatus utilizing bio-electric
stimulation, for medical diagnosis.

Background to the Invention

[0002] It is known to perform diagnostic examination
for identifying abnormalities in nerve fibers, by applying
an electrical stimulation transcutaneously to a patient.
[0003] It is well documented that specific current sig-
nal frequencies will selectively stimulate distinct types
of nerve fibers, for example 5 Hz selectively stimulates
type C nerve fibers, 250 Hz stimulates type A-Delta
nerve fibers, and 2000 Hz stimulates type A-Beta nerve
fibers. This neuroselectivity of frequencies is exploited
by a method employed to measure the lowest level of
current intensity a subject can recognize with a transcu-
taneous electrical stimulus. This method is termed cur-
rent perception threshold (CPT) diagnosis.
[0004] A major problem often encountered during
CPT testing is that the cutaneous electrical resistance
threshold (CERT), the current signal level required be-
fore conduction through skin can occur, may be greater
than the current perception threshold, the current at
which a patient recognizes that a nerve has been stim-
ulated. In subjects with a greater CERT than CPT the
intensity of the diagnosis signal is turned up past the
actual CPT without the subject recognizing the stimulus,
since the current is not flowing through the skin to the
nerve fiber. Once the intensity reaches the CERT and
the current begins flowing, then the subject may report
a false "high" CPT, which is actually the CERT being
reached by the applied signal.
[0005] Previously, to a "constant current" mechanism
of bio-electric stimulation was developed in the 1950s
and refined in the early 1980s. This later refinement is
disclosed in US patent 4305402 (Katim). Katim's con-
stant current mechanism monitored a sine wave current
and regulated it so that once the CERT had been
reached the current was maintained automatically so as
to sustain the signal intensity at sufficient level to allow
a continuous flow of current, even though a manually
operated intensity control may be turned to zero. There-
by, on the next measurement in a serial test at a same
skin site on a patient, the current is not required again
to breach the CERT, and the actual CPT can thereby be
more accurately measured.
[0006] Katim's constant current mechanism works
best with a sinusoidal wave form current. However, a
sinusoidal current is quite difficult for a patient to recog-
nize within a very narrow range of intensities. Due to the
wide fluctuation in measurements obtained using a si-
nusoidal current, measurements must be averaged be-

fore meaningful analysis is possible.
[0007] A more recognizable stimulus is that of a mod-
ulated square wave current. A square wave form current
is used in the prior art Medi-DX 7000 CPT diagnostic
device of Neuro-DX Associates Incorporated, 445 Dart-
moor Street, Laguna Beach, California, 92651-1430.
This device enables location and quantification of nerve
pathology caused by injury, metabolic, and toxic expo-
sures, and provides a screening method for patients pri-
or to invasive examinations and procedures are under-
taken. Results of up to 95% accuracy in the detection
and quantification of nerve pathology are achievable.
[0008] Referring to Fig. 1 herein, there is illustrated
schematically in perspective view, the known Medi-DX
7000 current perception threshold diagnostic device.
The device comprises a casing 100 containing drive
electronics for performing current perception threshold
measurements on a patient, the casing having a front
panel 101 having a first electrical connector port 102 for
connection of a probe device 103; a second electrical
connector port 104 for a defuse area electrical contact
105; a set of frequency selector switches 106 - 108 re-
spectively, for selecting test signals having fundamental
frequencies corresponding to 5 Hz, 250 Hz and 2 kHz,
for testing type C nerves, type A delta nerves, and A-
beta nerves respectively; a current intensity control 109
in the form of a rotary dial, having a graduated scale
around a circumference of the dial, the rotary dial capa-
ble of varying an output current signal in the range 0 to
10 mA between the probe 103 and second electrical
contact 105; a liquid crystal display device 110 used to
calibrate the current amplitude during manufacture and
during after sales service; and an on/off power
switch111.
[0009] The usage of the device is known in the art,
and is as follows:
[0010] A patient is placed into a relaxed position by a
medical personnel. The second electrode contact 105
is placed upon a region of the patient's skin to make
electrical contact. The second contact 105 is immersed
in saline solution, to improve conductivity between the
skin and a wide area contact region of the second con-
tact 105. The probe 103, comprises a gold plated tubular
contact 200 capable of receiving a cotton bud 203,
which is dipped in saline solution to improve conductivity
between the gold contact 200 and a patient's skin as
illustrated in Fig. 2 herein. The probe 103 and second
electrical contact 105 are placed at various positions
around the patient's body, and a square wave electrical
signal is passed between the probes through the pa-
tient's skin, in order to test various nerves around the
patient's body as is known in the art.
[0011] To test a particular nerve, the medical operator
places the probe and contact at specified positions on
the persons body and starting from a zero reading, on
the rotary current dial 109 corresponding to zero mean
current and gradually increases manually the current by
rotating the current control 109, until the patient indi-

1 2



EP 1 224 950 A1

3

5

10

15

20

25

30

35

40

45

50

55

cates that a sensation is felt. Due to variations in con-
nection resistance between the cotton bud on the end
of the probe 103, and the patient's skin, the medical op-
erator repeats this process 3 or more times for every
measurement position, in order to reject spurious read-
ings, and to take a set of readings which are consistent
with each other, and which can be used to derive an av-
erage reading. Since the medical operator relies upon
the patient's perception of sensation due to current, the
patient may, either voluntarily or involuntarily, give a mis-
leading indication of when a sensation is felt. For exam-
ple a patient may, by the intonation of the human med-
ical operator's voice, anticipate when to indicate sensa-
tion. Therefore the operator must be careful not to give
any indication to the patient of when a sensation could
be expected.
[0012] For each nerve tested, the operator manually
fills in a record sheet similarly as illustrated in Fig. 3
herein. For example for a cervical test, nerves from the
C2 to Thoracic 2 nerve may be tested, on both the left
side of the patient's body and the right side of the pa-
tient's body and entered onto the record sheet as a cur-
rent intensity reading on a scale 0 - 100, corresponding
to a peak current of 0 to 10 mA. Similarly the medical
operator places the probe 103 and second contact 105
on the patient's skin and records readings for the Lum-
bar L1 to S2 nerves, and other nerve groups as is known
in the art.
[0013] However, there is a problem in measurement,
arising from the electrical conductivity characteristics of
a patient's skin. When the probe 103 and second contact
105 are applied to a patient's skin, electrical contact is
made via the saline solution, for a current value which
has a peak to peak value of a skin conductivity threshold
value (CERT), which is determined by the conductive
characteristics of the patient's skin. Once the CERT is
breached and current is flowing through the skin, pro-
vided electrical contact is not lost, and provided the cur-
rent values does not fall too far below the cutaneous
electrical resistance threshold, then current will continue
to flow even below the CERT.
[0014] However, there is a difficulty in recording read-
ings if the operator returns the rotary current control dial
109 to give a signal too far below the skin's CERT value.
Once the current either falls too far below the skin con-
duction threshold value and current ceases to flow, or if
the electrical contact is broken, at a current value below
the CERT then the operator must again increase current
to exceed the threshold value, before readings can re-
commence. Additionally, for nerves which respond to
currents near the skin conduction threshold value, ob-
taining accurate readings is made more difficult.
[0015] On some patients, the CERT for some skin
sites is higher than the current perception level (CPT).
In these cases, measurement is difficult because the op-
erator must first breach the CERT, and reduce the cur-
rent below the CERT, whilst still maintaining current con-
duction through the skin, in order to test the patients cur-

rent perception threshold. If at any time the operator re-
duces the current dial to zero, current conduction will be
lost, similarly if the electrical contact between the probe
and the skin is broken, then current ceases and meas-
urements must be re-started at the same site. The cur-
rent value at which current flow stops is characteristic
of each individual patient, and is not a known fixed
number.
[0016] The problem is exemplified, by the plot of peak
to peak current versus time shown in Fig. 4 herein which
plots an example of the peak to peak current, as con-
trolled by the medical operator, relative to a skin con-
duction threshold level 401 and a nerve sensitivity
threshold level 402.
[0017] In this example, the CERT is above the CPT.
Initially, the operator turns the current dial from zero up
to, for example a reading of 45, at which point the patient
indicates that sensation can be felt. This could either be
the CERT, or the CPT. At this stage the operator cannot
tell which. The operator therefore reduces the current
down to a lower reading of 10, and raises the current
again slowly. When the dial reads 30, (the level of the
CPT) the patient indicates that a sensation is felt, there-
fore this is likely to be the CPT. However, to verify that,
the operator again drops the current to a value of 10,
and slowly raises it through the 30 level, at which the
patient again indicates a sensation. To verify this a fur-
ther time, the operator reduces the current back to 10
and raises slowly through 30 at which point the patient
verifies a sensation at the current level of 30. In this
case, the CERT has a value of 45, and the measured
CPT has a value of 30.
[0018] The user protocol to deal with this measure-
ment includes:

• At no time can the probe or electrical contact be lift-
ed from the skin sites.

• At no time during the sequence of readings can the
intensity be turned to zero (and ideally should not
be reduced below a reading of 10 corresponding to
1.0 mA).

• Once the current is turned down, the patient is
asked if they continue to feel a stimulus, and if not,
then the current is turned up until they feel the stim-
ulus again.

• If an initial higher current measurement is found,
then the operator suspects that it is possibly the
CERT reading. The operator then turns down the
current, but not so far as previously, and asks if the
patient continues to feel a stimulus. The operator
then turns up the current again until the patient in-
dicates stimulus is felt.

• If the same high reading is noted as previously, then
that is the actual CPT and it is a true high reading.
Otherwise the initial high reading is a breach of the
CERT, and the CPT lies below the initial high read-
ing.
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[0019] As another example, an operator may initially
increase the current to a reading of 45 (4.5 mA) turn
down the current to 10 and raise it again for a second
reading at 45. The current is then turned down to 20 and
a third stimulus reading is recorded at a value of 38. Sub-
sequently the current is turned down to 20 again and a
fourth reading is measured at a current of 38 and simi-
larly the fourth or fifth reading also a current is measured
at 38. In this case, the CPT is at a value of 38 (3.8 mA)
and the CERT (the first two readings) is at a value of 45
(4.5 mA).
[0020] If the current is allowed to drop below a critical
level at which the current stops (typically between 0 and
10) then current conduction through the skin ceases and
the measurement sequence must be started again.
[0021] Therefore, to obtain a reliable set of readings,
the medical operator must not vary the probe contact to
the skin between readings, and ideally should not let the
current drop to zero during a set of consecutive read-
ings.
[0022] The inventor has realised that a more recog-
nizable stimulus signal than a sine wave or square wave
is that of a modulated square wave form as shown in
Fig. 5 herein, in which a duty cycle is controlled so as to
produce an interval of zero current between an alternat-
ing positive and negative square wave cycle. However,
it has been noticed that this brief interval of zero current
can interrupt the current flow, especially when testing
with lower frequencies. This interruption necessitates
breaching the CERT again, with a false high CPT meas-
urement.

Summary of the invention

[0023] A specific implementations of the present in-
vention aim to correct the problem of interruption of stim-
ulus signal current flow by use of a unique current wave
form which has not been employed previously in exper-
imental CPT testing, or in any device used for CPT test-
ing. This new wave form is similar to a modulated square
wave form current with a zero interval, however instead
of an interval between square waves being zero, the cur-
rent steps down a controllable percentage of a preced-
ing major part of the wave form. A circuit controls this
step current as a percentage of a major stimulus current.
Therefore current flow is maintained since current does
not completely stop flowing through the patient's skin.
The step current is maintained at its highest level until
a stair step reset operation returns the step current to
zero before a new site (nerve) is tested. This mechanism
allows any major stimulation wave form to be de-
creased, but not below a predetermined lower step cur-
rent value.
[0024] One object according to the specific implemen-
tations of the present invention is to provide a single
wave form which maintains current conduction through
skin during variation of a stimulus current signal ampli-
tude.

[0025] A second object of specific implementations of
the present invention is to improve the usability of a
measurement apparatus using bio-electric stimulation.
[0026] According to a first aspect of the present inven-
tion there is provided a method of diagnostic and ther-
apeutic treatment of a patient comprising the steps of:

attaching a source of electrical signal to a skin re-
gion of the patient;

applying an alternating current electrical signal from
said source, said signal comprising a stimulation
signal element for providing electrical stimulation to
said patient, and a step signal element for maintain-
ing a signal flow of said signal through said skin re-
gion; and

recording a value of said electrical stimulation sig-
nal element at which a nerve stimulation is identi-
fied.

[0027] According to a second aspect of the present
invention there is provided a medical diagnostic appa-
ratus for applying an electric stimulation signal to a pa-
tient, said apparatus comprising:

a signal generator circuit for generating an electrical
stimulation current signal;

a display device for generating a display of a value
of said stimulation current;

a frequency selector circuit, for selecting a frequen-
cy of said electrical stimulation signal; and

first and second electrical contacts for making con-
tact of said electrical stimulation current signal with
a patients skin, characterised in that.

said electrical stimulation signal is alternating, hav-
ing a positive cycle and a negative cycle, wherein
said signal has a step element, variable as a per-
centage of a maximum peak level of said signal.

[0028] According to a third aspect of the present in-
vention there is provided a method of generating an
electrical stimulation current for current perception
threshold measurements, said method comprising the
steps of:

setting a first amplitude level, of a first portion of a
cycle of said current;

setting a second amplitude level over a second por-
tion of said cycle;

wherein said second signal amplitude varies de-
pendent upon said first amplitude level.
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Brief Description of the Drawings

[0029] For a better understanding of the invention and
to show how the same may be carried into effect, there
will now be described by way of example only, specific
embodiments, methods and processes according to the
present invention with reference to the accompanying
drawings in which:

Fig. 1 illustrates schematically the prior art Medi-DX
7000 current perception threshold diagnostic de-
vice;

Fig. 2 illustrates schematically placement of a probe
contact above a nerve of a patients left arm;

Fig. 3 illustrates schematically one example a
record sheet for recording current intensity readings
giving rise to responses of nerve stimulation;

Fig. 4 illustrates schematically a trace of peak to
peak current amplitude against time for measure-
ment of a current perception threshold level of a pa-
tient by a prior art technique;

Fig. 5 illustrates schematically a modulated square
wave signal, the use of which in CPT measurement
is novel, having an alternating current square wave,
interrupted by regions of zero current;

Fig. 6 illustrates schematically a control panel of a
novel bio-electric stimulation testing apparatus ac-
cording to a specific embodiment of the present in-
vention;

Fig. 7 illustrates schematically an electrical stimu-
lation drive wave form generated by the test appa-
ratus of Fig. 6;

Fig. 8 illustrates schematically component signals
of the wave form of Fig. 7;

Fig 9 illustrates schematically an example of an out-
put of the bio-electric stimulation test apparatus of
Fig. 6, varying over time;

Fig. 10 illustrates schematically a circuit diagram
comprising the bio-electric stimulation test appara-
tus of Fig. 6; and

Fig. 11 illustrates schematically steps for usage of
the bio-electric stimulation device for recording
measurements of nerve sensitivity.

Detailed Description of the Best Mode for Carrying
Out the Invention

[0030] There will now be described by way of example

the best mode contemplated by the inventors for carry-
ing out the invention. In the following description numer-
ous specific details are set forth in order to provide a
thorough understanding of the present invention. It will
be apparent however, to one skilled in the art, that the
present invention may be practiced without limitation to
these specific details. In other instances, well known
methods and structures have not been described in de-
tail so as not to unnecessarily obscure the present in-
vention.
[0031] Referring to Fig. 6 herein, there is illustrated a
schematically a front panel of a bio-electric stimulation
test apparatus according to a specific implementation of
the present invention. The control panel comprises an
on/off power switch 600; a power test switch 601, for
testing the power supply to the device; an output port
602 for a probe device, as herein described with refer-
ence to Fig. 1; an output lead 603 for a second electric
contact device, as described herein above; a first fre-
quency switch 604 set to a 5 Hz frequency for testing
type C nerves; a second frequency switch 605 set to a
250 Hz frequency for testing type A-Delta nerves; a third
frequency switch set to 2 kHz, set for testing type A-Beta
nerves; a current intensity control dial 607 having a
graduated scale from 0 to 100; a first liquid crystal dis-
play 608 for displaying a current reading in mA; a second
liquid crystal display 609 for displaying a voltage be-
tween the probe and second electrical contact; a second
rotary current intensity control 610 for controlling a per-
centage of step current, the second rotary control knob,
optionally having a graduated scale of 0 to 100%; a third
liquid crystal display 611, configured to display a step
current as a percentage of stimulation current; and a
step current reset button 612, for resetting the step cur-
rent to zero.
[0032] Referring to Fig. 7 herein, there is illustrated a
wave form of a drive current generated by the stimula-
tion test apparatus between first and second ports 602,
603 for application between a tip of a probe, and a sec-
ond electrical contact, through a patients skin. The cur-
rent wave form is characterised by a positive pulse 700
followed by a negative pulse 701, repeating as an alter-
nating current. One complete cycle consisting of a pos-
itive pulse 700 and a negative pulse 701 has a time du-
ration T. The positive pulse 700 has a positive leading
edge 702 followed by a constant stimulation current por-
tion 703, followed after a first time period t1 after a pos-
itive going zero crossing 704 by a first negative going
trailing edge 705, followed by a second constant positive
step current portion 706 of duration time t2, followed by
a second negative going trailing edge 707 crossing
through zero current at negative going zero point 708,
at which the current becomes negative; followed by a
first negative constant stimulation current portion 709 of
duration time t1 after the negative going zero crossing
708, followed by a second positive going trailing edge
710, followed by a constant negative step current por-
tion 711 of duration t2 after the trailing edge 710 which
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leads back into a first positive going trailing edge 712 of
a next cycle.
[0033] The ratio of the time t1 to t2 is variable from t1/
(t1+t2) = 0% to t1/(t1+t2)= 100%, by adjustment of a po-
tentiometer device or similar.
[0034] Referring to Fig. 8 herein, the wave form of Fig.
7 can be constructed from a first pulse wave form 800,
and a second pulse wave form 801 by adding these two
current wave forms. First current wave form has a first
square wave of current amplitude of height h1. The sec-
ond square wave form 801 has current amplitude height
h2. The two current amplitudes h2 and h1 are independ-
ently variable, by variation of stair step percentage con-
trol knob 610, so that the ratio h2/(h1+h2) is continuous-
ly variable from 0% to 100%, with a human operator se-
lecting the percentage.
[0035] A minimum value of h2 can be preset by a suit-
able mechanism, such as by adjustment of a potentiom-
eter provided for that purpose.
[0036] If a first pulse wave form 800 is used alone,
then particularly at low frequencies such as 5Hz, at
some sites on some patients, the zero interval between
alternating pulses is long enough to stop the flow of cur-
rent through the patients skin. Using the modulated
pulse wave form 800 alone, without the step level (step
amplitude height H2 = 0% of first square wave amplitude
H1), a typical test may be as follows:

• Operator raises the stimulus amplitude h1 to a first
reading of 45 (4.5 mA), at which the patient indi-
cates stimulus.

• Operator turns current level down to 10 and takes
a second reading raising the current to 45, at which
the patient indicates stimulus.

• Operator turns down the current to 20 and raises
again to a level of 45, at which the patient indicates
stimulus.

• Operator turns down the current to a level of 30 and
raises again to 45 at which the patient indicates
stimulus.

• Operator turns down the current to 40 and raises
again to a reading of 45 at which the patient indi-
cates stimulus. The level of 45 could be a CERT,
and not the CPT. This could be because the current
is being interrupted in the period between pulses in
the wave form 800, so each time, the CERT must
be breached before a patient will indicate sensation.

[0037] However, if the step value is applied, at a level
of 25% of the stimulus current (h2/(h1 + h2) = 0.25, then
the test may run as follows:

• Operator increases maximum current value to a
reading of 45 at which point the patient indicates
stimulus.

• Operator turns down the current level to 10, but be-
cause the step level never goes below 25% of 45
(level of 11.25 corresponding to 1.25 mA, current

conduction is maintained, throughout the whole of
the duty cycle of the wave form).

• Operator turns up the current through a value of 30,
at which point the patient indicates stimulus.

• Operator again reduces the dial to 10 (the step cur-
rent maintains the real current level at a value of
11.25), and raises again through level 30 at which
point the patient indicates a stimulus.

• The cycle is repeated with the operator reducing the
dial to 10 again and raising to 30, with the patient
indicating a stimulus at level 30.

[0038] In this case, the CPT is 30, and the CERT is
45. Because the current is not allowed to drop below a
pre-determined level of the step value set as 25% of 45,
current flow is always maintained, so the CERT is not
breached for a second time before the initial reading of
45.
[0039] If, in the above sequence, the level of 45 is con-
tinuously indicated by the patient, then the step down
percentage can be increased, to for example 50%. This
may indicate that the step level has been set too low by
the operator and current flow is still being interrupted.
However, in the vast majority of cases, a step current
level of 25% of the peak stimulus current gives a valid
reading.
[0040] Referring to Fig. 9 herein there is illustrated
schematically an example of the wave form changing
over time, as a human operator rotates the stimulus cur-
rent intensity dial 607, reducing the peak stimulus cur-
rent.
[0041] Over time, as the peak current intensity h1 cor-
responding to the value of first stimulus current value
800 is reduced, because the stair step current value h2,
corresponding to the step current square wave form 801
is locked in as a proportion of the stimulus current h1,
the step portion of the wave form 800 reduces propor-
tionally with the peak stimulus current according to the
relationship.

[0042] Where S is user a selectable stair step current
value as a percentage of stimulus current, in the range
0 to 1.0, and hmin is a user selectable or factory preset
step current value with magnitude greater than 0.
[0043] Therefore as the current is reduced, the max-
imum stimulus current 901 represented by the upper
constant portion of the wave form 704 reduces, and
whilst the step current level 900 is above the preset min-
imum step value hmin, the step current varies as a pro-
portion of the maximum stimulus current. Where the
maximum stimulus current approaches the preset min-
imum step current hmin the peak to peak current ampli-

h2 = h1 x S for all h2 > hmin

h2=hmin for all h1 less than or equal to hmin

9 10
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tude of the signal does not fall below hmin, but is held at
the predetermined minimum step current value hmin.
[0044] Referring to Fig. 10 herein, there is illustrated
schematically a circuit diagram for generating the cur-
rent wave form of Fig. 7. The circuit may be implemented
as discrete components, on a circuit board, or as a ded-
icated chip, for example an application specific integrat-
ed circuit (ASIC), comprising analogue and/or digital
components, or by a microprocessor, as will be under-
stood by those skilled in the art. The circuit comprises
a power supply 1000, being either a battery power sup-
ply or a mains voltage derived power supply as is known
in the art; a power off/on switch 1001; set of power sup-
plies and regulators providing power to other compo-
nents; a power test switch 1003 for testing the power
supply; and a wave form generation circuit 1004, sup-
plying the wave form to first and second output leads
1005, 1006 respectively corresponding to first and sec-
ond output ports 602, 603 in Fig.6.
[0045] The wave form generator circuit 1004 compris-
es a plurality of oscillators 1007-1009 set to oscillation
frequencies of 5 Hz, 250 Hz, 2000 Hz respectively; a
keyboard decoder and function selector 1010 contain-
ing frequency switches 604-606 as described herein be-
fore; an amplitude modulator 1011 between the 2000 Hz
oscillator 1009 and the keyboard decoder and function
selector 1010, the amplitude modulator having an input
from a 5 Hz to 600 Hz oscillator 1012; a driver amplifier
1013 receiving an input from the keyboard decoder and
function decoder 1010 which selects a wave form type
for amplification; a stimulus current intensity level con-
trol 1014; a stair step current lock circuit 1015 for locking
the step current as a percentage of the stimulation cur-
rent and setting the minimum step current hmin; a stair
step reset circuit, activated by stair step reset switch
612; a driver amplifier 1013 being driven by the stair step
current lock circuit 1015 and stimulus intensity level con-
trol 1014; a power amplifier 1016 receiving an output
from the driver amplifier 1013 for amplification; and a
current sensor and metering device 1017 providing a fi-
nal output to the output leads 1005, 1006 and applying
an overload protection by feedback loop 1018, the cur-
rent sensor and metering stage 1017 having the current
meter 608 and voltage meter 609 monitoring the current
and voltage at the output leads 1005 1006.
[0046] Referring to Fig. 11 herein, there is illustrated
schematically a method of use of the stimulation test ap-
paratus. In use, a medical operator applies a probe de-
vice and the second electrical contact to a patient's body
at the appropriate points, selected for different nerve
groups as is known by those skilled in the art. In step
1100, the operator selects a frequency of the signal, ei-
ther 5Hz, 250Hz or 2kHz in the best mode. In step 1101,
the operator applies the probe and electrical contact to
the patients skin. In step 1102, the operator sets the rel-
ative time duration's of the stimulus current and step cur-
rent, within the cycle duration T of the wave form. In the
best mode herein favorable results have been found

with a ratio t1 as 65% of (t1 + t2), in the 250 Hz frequency
range, although good performance is found with t2 in
the range 25% to 45% of O.S.T. In step 1103, the oper-
ator sets the step current value for the set of readings
to be taken by rotating the stair step percentage control
dial 610 and monitoring visually the reading on the stair
step percentage display 611. Steps 1100, 1101 and
1102 need not necessarily be performed in the order
shown in Fig. 11. For example the duty cycle, once set
may be maintained for different readings, and similarly
setting of the step current value h2 as a proportion of
the stimulation current value h1. In step 1104 the oper-
ator continues to take the first measurement by varying
the stimulus current intensity by rotation of the stimulus
intensity knob 607, and monitoring the stimulus current
display 608. When the patient indicates that a stimulus
is felt on the nerve, then in step 1105 the operator
records manually by writing down the stimulus intensity
currently displayed, onto a record sheet. The steps
1104, 1105 are repeated until in step 1106, enough
measurements are recorded for that measurement site.
In step 1107, the probe is removed from the patients
skin, and in step 1108 the step current is reset to zero,
ready for the next set of measurements. In step 1109,
the data can be analyzed, having been recorded on a
record sheet.
[0047] In step 1102, the human operator must first find
a suitable value of minimum value stair step current val-
ue hmin, by raising the stair step current to a point where
the current display 608 displays an actual current flow-
ing between the electrodes. Since the current is flowing,
the human operator knows that the current is above the
CERT, and can then reduce the value of the minimum
value of stair step current h2 to a minimum value, where
current still flows. Having established that current is
flowing through the skin, above the CERT, the human
operator proceeds to steps 1104, 1105 to rotate the stim-
ulus current intensity dial, varying the height h1 and tak-
ing the readings as in step 1105.
[0048] In step 1104, because the stair step current
value h2 is automatically varied as the stimulus current
intensity value h1 is varied and cannot go below a preset
value hmin, then the human operator can return the stim-
ulus intensity dial below the CERT, without losing elec-
trical conductivity through the skin, which is maintained
by the minimum value hmin of the stair step current val-
ue.

Claims

1. A method of diagnostic and therapeutic treatment
of a patient comprising the steps of:

attaching a source of electrical signal to a skin
region of the patient;

applying an alternating current electrical signal
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from said source, said signal comprising a stim-
ulation signal element for providing electrical
stimulation to said patient, and a step signal el-
ement for maintaining a signal flow of said sig-
nal through said skin region; and

recording a value of said electrical stimulation
signal element at which a nerve stimulation is
identified.

2. The method as claimed in claim 1, further compris-
ing the steps of;

setting an amplitude of said step signal ele-
ment dependent upon an amplitude of said stimu-
lation signal element.

3. The method as claimed in claim 2, wherein said am-
plitude of said step element is set as a fixed per-
centage of an amplitude of said stimulation signal
element.

4. The method as claimed in any one of claims 1 to 3,
comprising the steps of:

setting a fixed value of step current amplitude,
below which a current of said step signal will
not be generated.

5. The method as claimed in any one of the preceding
claims, further comprising the step of:

setting a time duration of said step signal ele-
ment as a percentage of a total cycle duration
of a wave form of said electrical stimulation sig-
nal.

6. The method as claimed in claim 5, wherein said per-
centage is variable in the range 0% to 100%;

7. The method as claimed in any one of the preceding
claims, wherein said electrical stimulation signal is
characterised by a wave form having:

a first leading edge raising to a maximum am-
plitude;

a first trailing edge dropping from said maxi-
mum amplitude to a step amplitude, said step
amplitude applied for a time duration after said
first trailing edge; and

a second trailing edge transition reducing said
amplitude from said step level, to a zero ampli-
tude.

8. The method as claimed in any one of claims 1 to 7,
comprising the step of:

varying a time duration of said step signal ele-
ment relative to said stimulation element, within
a cycle of said electrical stimulation signal.

9. The method as claimed in claim 8, wherein a situa-
tion of said step signal element is in the range 25%
to 45% of a positive or negative cycle of said signal.

10. A medical diagnostic apparatus for applying an
electric stimulation signal to a patient, said appara-
tus comprising:

a signal generator circuit for generating an
electrical stimulation current signal;

a display device for generating a display of a
value of said stimulation current;

a frequency selector circuit, for selecting a fre-
quency of said electrical stimulation signal; and

first and second electrical contacts for making
contact of said electrical stimulation current sig-
nal with a patients skin, characterised in that.

said electrical stimulation signal is alternating,
having a positive cycle and a negative cycle,
wherein said signal has a step element, varia-
ble as a percentage of a maximum peak level
of said signal.

11. The device as claimed in claim 10, comprising a
voltage display, displaying a voltage of said electri-
cal stimulation signal.

12. The device as claimed in claim 10 or 11, comprising
a step signal percentage display, for displaying an
amplitude of said step element of said signal, rela-
tive to a peak current amplitude of said signal.

13. The device as claimed in any one of claims 10 to
12, further comprising a step value percentage con-
trol device, capable of controlling a value of said
step level of said electrical stimulation signal rela-
tive to a peak level of said signal.

14. The device as claimed in claim 13, wherein said
step percentage control is capable of varying a val-
ue of said step element substantially continuously
between 0% and 100% of said peak level of said
signal.

15. The device as claimed in any one of claims 10 to
14, further comprising a step value reset button, for
resetting said step value after a series of measure-
ments.

16. The device as claimed in any one of claims 10 to
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15, wherein said current generator circuit is capable
of setting a minimum current value of said electrical
stimulation signal.

17. A method of generating an electrical stimulation
current for current perception threshold measure-
ments, said method comprising the steps of:

setting a first amplitude level, of a first portion
of a cycle of said current;

setting a second amplitude level over a second
portion of said cycle;

wherein said second signal amplitude varies
dependent upon said first amplitude level.

18. The method as claimed in claim 17, further compris-
ing the step of:

setting said second amplitude portion to be
maintained at or above a predetermined mini-
mum amplitude value.

19. The method as claimed in 17 or 18, wherein said
second amplitude level is set to vary as a percent-
age of said first amplitude level.

20. The method as claimed in any one of claims 17 to
19, wherein a first portion of said first amplitude lev-
el is variable between 0 and 100% of a cycle dura-
tion of said current.

21. The method as claimed in any one of claims 17 to
20, wherein a duration of said second portion is var-
iable between 0 and 100% of a duration of said cy-
cle.
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